Introduction
For nearly 50 years, THA has been one of the most effective and economical interventions in orthopaedic surgery [5, 10, 19] having a perioperative mortality rate usually less than 1% [2, 3, 6, 8, 23, [26] [27] [28] [29] 37] . Emerging demographic and epidemiologic studies are projecting large increases in the demand for primary and revision arthroplasty over the next two decades [14] [15] [16] . Furthermore, THA is being performed in patients who are older and infirm [1, 12, 13, 21, 22, 35, 38, 41] .
Improvements in surgical and pain management techniques, such as the use of uncemented femoral components and multimodal anesthesia, improve outcome after THA [1, 7, 25, 30, 32] . Additionally, new rehabilitation regimens that are accelerated, aggressive, and continued in the outpatient setting have demonstrated improvement in patient outcome [17, 25, 39, 40] . The combination of improvements in surgical practices and advances in perioperative care has caused mortality from THA to decline.
The primary purpose of this study was to determine the overall early mortality rate within 90 days of surgery in a consecutive group of patients who underwent uncemented THA under regional anesthesia who were subjected to multimodal pain management and accelerated rehabilitation. Secondly, we wished to report differences in mortality rates between revision and primary surgeries. Lastly, we sought to report differences in mortality among different age groups undergoing THA.
Materials and Methods
From an institutional database we retrospectively identified and reviewed 7478 consecutive patients who underwent elective THA between January 2000 and July 2006. We excluded patients receiving partial joint replacements or nonarthroplasty procedures. Of the 7478 patients, 3589 were men with a mean age of 63 years (range, 13-93 years) and 3889 were women with a mean age of 63 years (range, 15-97 years). Primary arthroplasty was performed in 6272 patients, including 5749 unilateral and 523 bilateral procedures. Revision hip arthroplasty was performed in 1206 patients; of these, 1201 were unilateral and five were bilateral. We obtained prior Institutional Review Board approval.
All patients in this cohort were evaluated and cleared 3 to 6 weeks before surgery by an anesthesiologist and a cardiologist. We used hypotensive regional anesthesia for all patients unless contraindicated or unsuccessful to achieve. The conversion rate to general anesthesia at our institution is approximately 2%. Hip arthroplasty was carried out in a laminar flow room with all members of the surgical team wearing body exhaust suits during surgery. All operations were performed by or under the supervision of one fellowship-trained arthroplasty surgeon (JP, PFS, RHR). Hip arthroplasties were performed in a supine position through a modified anterolateral gluteus medius splitting approach using uncemented femoral and acetabular components. The latter was true for revision arthroplasty also.
All patients were subjected to early mobilization in the postoperative period. Multiple standardized protocols were closely followed for all patients. The prophylactic anticoagulation regimen was the same throughout the study period. This consisted of administration of warfarin on postoperative Day 1 and continuing for 6 weeks aiming for an international normalized ratio of 1.5 to 2. Unless contraindicated, patients also received 1000 units of intravenous heparin at the time of hip dislocation. Intravenous antibiotics, namely first-generation cephalosporin (or vancomycin for those with penicillin allergy), were administered preoperatively and for 24 hours after the surgery.
All patients were seen on the day of surgery or the first postoperative day and encouraged to sit out of bed and ambulate if possible. All patients undergoing primary arthroplasty were allowed to weight bear as tolerated after surgery. A protected weight bearing protocol was in place for some patients undergoing revision arthroplasty. Patients were seen twice daily by the physical therapy team and assisted ambulation was performed. After discharge, patients were followed up at 3 weeks, 3 months, 6 months, and 1 year postoperatively.
We performed a detailed review of the clinical records for all patients. Protected information of the study subjects was submitted to the Social Security Death Index to investigate patient survivorship through July 2007. We submitted subjects not matched in the Social Security Death Index database to the Centers for Disease Control and Prevention's National Death Index to complete information regarding patient survivorship. Once patient death was established, the National Death Index was hired to perform a cause of death retrieval report for underlying and associated causes of death. Causes of death were coded using the International Classification of Diseases (ICD-10). In addition to the data report from the National Death Index, we sent applications and the list of subjects to State Departments of Vital Statistics to obtain copies of death certificates. Official cause of death was recorded from each death certificate and entered into the database along with postmortem information when performed. We compared data from the ICD-10 codes and the certificates of death. Lastly, a detailed chart review of mortalities occurring within 90 days was conducted using electronic records. We placed special emphasis on in-hospital deaths and all deaths occurring within 90 days, and compared the differences in mortality per age group after THA.
Results
The overall mortality rate at 30 days after THA was 0.24% (18 of 7478). The vast majority of these deaths occurred in the hospital (13 of 18). The mortality rate at 90 days after index surgery was slightly higher at 0.55% (41 of 7478). When comparing primary and revision arthroplasty, primary hip arthroplasty was associated with the lowest 30day mortality rate (0.13% [eight of 6272]) and 90-day mortality rate (0.41% [26 of 6272]). The perioperative mortality rate after revision arthroplasty was 0.83% (10 of 1206) and the 90-day mortality rate was 1.24% (15 of 1206). There were two intraoperative deaths from cardiac arrest, one during revision surgery and one during primary hip arthroplasty. The death rate after primary and revision THA was proportionally higher by age group (Fig. 1) [24] . Subjects less than 65 years old receiving primary elective THA had the lowest mortality of 0.03% (one of 3492), while those over 85 years old and receiving revision THA had the highest mortality of 6.25% (four of 64).
Cardiovascular conditions were responsible for most deaths after THA. Cardiopulmonary arrest, acute coronary syndrome, stroke, pulmonary embolism, and arrhythmias were the listed causes of deaths (Table 1 ). Other causes of death included respiratory complications, malignancy, and sepsis.
Discussion
The growing demand for THA [16] coupled with age and increase in comorbidities of patients undergoing the procedure [12, 13] warrants investigation of its current perioperative mortality rate. The primary focus of this paper was to determine overall mortality and causes of death at 30 and 90 days for patients undergoing THA.
Secondly, we chose to compare mortality rates of primary and revision arthroplasty. Lastly, we compared mortality rates among different age groups within our study. With these goals in mind, we recognize this study has some limitations. First, few autopsies were performed, thus limiting the validity of the listed causes of death on certificates. Furthermore, we had to rely on ICD-10 codes and death certificates for cause of death information and it is possible that this information was not always accurate. Despite these limitations, we provided the most objective available causes of death, and the reported causes of death were consistent and accurate with information and data collected from our hospital records. Further, this is a relatively large study reporting early mortality for consecutive patients undergoing uncemented THA under regional anesthesia and modern pain management and rehabilitation in a single institution. Every effort was made to determine the status of each patient in this study, which included contacting national and state registries. Finally, all patients were subjected to nearly the same surgical, anesthesia, and rehabilitation protocols. The latter minimized the influence of a confounding variable such as anticoagulation protocols and the type of anesthesia.
Previous studies have reported very low (0.24% to 1%) [3, 19, 29, 37, 41] perioperative mortality for elective primary THA (Table 2 ). Our study supports these findings with two intraoperative deaths and overall mortality rates of 0.24% (18 of 7478) and 0.55% (41 of 7478) at 30 and 90 days, respectively. Consistent with other reports [3, 27, 33, 37] , we also found the most common cause of death to be cardiovascular-related. Fig. 1 Age-matched death rates of the United States general population and patients undergoing total hip replacement are shown. The authors have not controlled for any other variables that influence mortality. All patients undergoing THA had preoperative screening prior to elective surgery. Respiratory failure (5) Aspiration pneumonia (1) Pneumothorax (1) Pneumonia (1) Sepsis 5
Malignancy 3
Lung cancer (1) Cholangiocarcinoma (1) Malignant neoplasm unspecified (1) Other 2
Multiple organ failure (1)
Unspecified (1) * Postmortem performed in one cardiopulmonary arrest case and one ischemic colitis case.
In addition to reaffirming the effectiveness and safety of THA, our study results suggest that modern advances in surgery, anesthesia, and rehabilitation have helped keep mortality as low as previously reported despite early hospital discharges, more aggressive rehab protocols, and operations being performed in patients who are older and more infirm. Several improvements in orthopaedic practice are responsible for the low reported mortality rate in this study. First, procedures were completed in a high-volume hospital by experienced surgeons specializing in total joint arthroplasty. A high hospital case load and surgeon experience lower perioperative mortality and in-hospital deaths [9, 34] . Second, improvements in anesthesia and pain management have reduced mortality and improve outcome after THA. The use of hypotensive, neuroaxial anesthesia has reduced mortality from cardiorespiratory complications [11, 20, 33] . Finally, the use of multimodal anesthesia and analgesia for perioperative care and pain management has shown improvement in functional outcome and accelerated patient discharge [1, 25] , which may indirectly help lower mortality. Changes in surgical practices and implantable devices have also helped reduce mortality after THA. A previous study reported the use of uncemented components decreases intraoperative death resulting from prevention of bone cement implantation syndrome [32] . Furthermore, studies have demonstrated increased implant survivorship for noncemented devices [4, 7, 30, 32, 36] . Increased implant lifetime will decrease the need for reoperation and reduce the increased risk of mortality which accompanies revision surgery. In addition, efforts made to decrease intraoperative time have helped limit blood loss, infection, and intraoperative complications [37] . The prophylactic uses of first-generation cephalosporin antibiotics and lowdose Coumadin (warfarin, Bristol-Myers Squibb Company, Princeton, NJ) anticoagulation have reduced infection and cardiovascular-related causes of death. Additionally, it is of importance to note the low incidence of thromboembolic events resulting in death (two of 7478). We found our data regarding death from thromboembolism to be comparable to previous studies [3, 18] . Of note, our study used a lower INR than the currently published ACCP guideline. We find these data interesting and believe they warrant a more controlled study in the future.
When comparing rates of primary and revision arthroplasty and respective age groups, our data show that subjects less than 65 years old receiving primary elective THA had the lowest mortality of 0.03% (one of 3492), while those over 85 years old and receiving revision THA had the highest mortality of 6.25% (four of 64). These mortality rates are as low as those previously published [3, 19, 29, 37, 41] . In addition to aforementioned advances in surgical, anesthesia, and rehabilitation techniques, rigorous preoperative screening and identification of high-risk patients for complications, especially cardiovascular complications and near-fatal arrhythmias, are extremely important and have been fundamental in reducing mortality after THA at our institution [31] . Advances in rehabilitation strategies have recently received more attention and may help to reduce complications and perioperative mortality after THA. Aggressive postoperative rehabilitation strategies and home exercise rehabilitation improve shortterm outcome after surgery by improving the patient's functional status and preventing complications such as dislocation [17, 39, 40] . Although decreases in mortality have not been directly attributed to rehabilitation strategies, it is certain they help improve patient outcome and function and thus influence outcome after THA. More studies are needed to establish their relationship and benefit.
Our data support the fact that hip arthroplasty performed using modern techniques appears extremely safe; yet, despite rigorous screening methods, deaths still occur. Shorter lengths of hospital stay make prevention of postoperative complications increasingly difficult to prevent. Also, the preponderance of cardiovascular-related deaths is reason to place more emphasis on preoperative screening and postoperative monitoring of high-risk patients to prevent cardiovascular complications and related deaths in the future. Further reductions in mortality will be attributed to our ability to identify, manage, and treat patients with risk factors for cardiovascular complications. As THA is performed more frequently in older and sicker patients, it is important we continue to monitor its associated mortality. 
